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ihslrad— T h i s study investigates a yaw motion analys is of 
single t ra i l e r - t ruck using yaw ampli f ication factor Ah") 
approach. Unwanted yaw motion i n s ingle-trai ler t ruck can 
cause instability of the t ruck vehicle and resulting road 
accident such as knife- jacking. This study focused on apply ing 
b rake pressure to predict the j ack -kn i f e accident. T h e t ra i ler 
t ruck was tested at 100 km/h while apply ing var ious brake 
pressures at 0.5 M P a , 1.0 M P a , 1.5 M P a , 2.6 M P a and 2.5 M P a 
du r ing single lane change and double lane change using 
I ' ruckf i im software. \ aw .Vmplificatioii F ac to r (YAE" ) yvas used 
to analyse the yaw movement in the single-trai ler t ruck. The 
indicator of yaw amplif ication factor to predict j a ck -kn i f i ng 
wh i ch is related to unwanted yaw motion of a t ruck yvas 
implemented in this study to the potential accident analysLs. 
T h i s study showed that j ack -kn i f e accident happened when 
ti i ivelling at 1(M( km/li when applying the b rake pressures of 
1.5 .Ml'a and 2.5 .MPa for single lane change manoeuvre . 
S imi la r ly , j ack -kn i f e accident also happened yvhen ti avel l ing at 
100 km/h for double lane change manoeuvre with b rake 
pres.sures of 1.5 M P a , 2.0 M P a and 2.5 MPa . I l iese findings are 
based on Cm indicator to pixidict j a ck -kn i f e acc ident 

K e y w o r d s — single-trai ler truck, \\V, j a ck -kn i f e accident 

1. IN IRI^UUCTION 

I n general, single-trailer trucks have various advantages 
in transportation, including the capacity to send a large and 
heavy load with a l lex ible delivery cost, as wel l as easy 
loading and unloailing. When it comes to accidents, there 
must be a s}yecific circimistances that are l inked to other 
vehicles, as wel l as the driver's own risks that may caii.se the 
road accident 111. j o increase safety, new trucks must 
include anti-lock brakes, electronic stability control, forward 
col l is ion warning, and automatic emergency braking. 
Adaptive cruise a in t ro l , intelligent sjxied adaptation, blind 
spot inlonnation, and cune-s ix ;ed warning are non-
mandatory features that are a\ailable for new vehicles |2|. 
Accidents involving big trucks have serious consequences 
for road users, and often cause major tralEic congestion as 
wel l as environmental or infrastructural diunage, al l o f wh ich 
incur significant financial exixinses. Several solutions have 
been studied to reduce tlie number o f accidents and increase 
safety in some programs that deal wi th the idea and activity 
o f Intelligent fmnsiiortation Systems ( U S NAHSC program, 
Cal i fornia PATH programme, .kipan's AHSRA, European 
programmes; ADASL . R l i K i N S i ;. and CHAtn'T.tJR-driven, 
Ercnch PRLU IT and A l iCOS prograimnes, etc.) |3|. The 
most signif iamt difficulty with a large truck is its 
manoeuvrabil ity, especially whi le going at high speeds, it 
can produce unwanted reactions such as .severe y a w 

disturbance, wh ich can result in jack-kni f ing , trailer 
oscil lation, and trailer swing, . lack-knil ing o f semi-trailer 
articulated vehicles are .situations that requires a well-trained 
driver Untrained drivers are unable to regulate such 
conditions [4|. wh ich may result in the vehicle losing its 
stability, resulting in the loss o f life and property. 

Steering controls and differential brake controls are the 
most common and have been investigated to increase 
stability for truck semi-trailer systems, according to earlier 
research. I'he most imjxirtant step in developing any 
controller is to simulate it. It's hccause the controller's 
chardcteristics are investigated for optimal conditions, and 
settings are fine-tuned to ensure the controller's best 
pcrfonnance. fhe optimal rear wheel steering controller was 
found to stabilise the car uti l ising two replies feedback states 
o f the vehicle, such as hitch angle and hitch angle rate, y a w 
rate, and slip angle, in the previous research [5] . . lack-knifing 
is characterised as a lack of stability in the articulated 
system's yaw motion. Jack-kni f ing hapjrens for a variety of 
reasons, including when the tractor's rear wheels are 
obstructed, when the vehicle nqiidly applies the brakes in 
turn, or when the road is slijipery ( low adherence). Phis 
occurs more Ifequently when the truck is empty or has a poor 
useable charge distribution |.3|. I he side pressures generated 
by control in a turn, as wel l as the condition of the road, are 
es-sential elements in jaek-kni l ing. in theory, jack-kni f ing 
occurs when the tractor is positioned at an angle o f at least 
90 degrees to tlie semi-trailer |6|. Because o f the force 
exerted by the trailer, the tractor's driving wlieels lose their 
adhesion and become involved to Ihc nght or left. F ig . 1 
shows the jack-kni f ing situation o f heavy vehicle. 

F i g . 1. J a e k - k n i l i i ^ situation |3). 
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F ig . 2 show.s the articulated vehicle in the retercnce o f 
(O , X,.:, Yn) wi th the coordimites o f points P, and P: that w i l l 
be used to detennine Uie jack-knit ing situation based on 
cross product as follows. 

<•» vZ ,:.W' 

F ig . 2. Articulated vehicle position. 

(1 ) 
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(4) 

I ruckS im software is used to provide data infoniiation on 
trailer truck during single lane cliange ( S L C ) and double lane 
change ( I ) 1 , C ) travell ing a l 80 km/h. fh is data w i l l be 
analysed to determine its y a w motions that affect the y a w 
stability. F i g . 4 shows main jxige o f T n i c k S i i i i 2016 
software. T h e development of T r u c k S i m software is based 
on real world validation 181. 

'1 S. 1 '• 

t his equation represents the criterion o f truck jack-
knif ing, i o be able to identify and forecast a jack-kni f ing 
situation, it is required to e.stahli.sh zones of stability for y a w 
angle T h i s /.one is defined as yv, articulation angle. It 
l luctuates between |-85°, +85° | that was showed as = 
iim(i/ip. It denotes the zone of stability in a jack-kn i f ing 
incident. 

r f i ( i ( - 8 5 ) < C„, - -
i — vi/' 

1 1 / . 
f n i f ( 8 S ) 

( 2 ) 

T h e approach for predicting accident r i sks f jack-knif ing) 
is based on the development o f the criteria, wh i ch is 
detenii ined about the predicted state. For each time path, the 
tangent l ine o f the evolution curve is computed, j bus, the 
length between tlie presenl time and the moment 
corresjxinding to the intersecting ax is between the tangent 
line and the threshold value is detenumed at each point o f 
the curve that determines the risk level as shown in F ig . .3. 

F i g . 3. R i s k criterion prediction - t ime le l l before the 
accident ( f L B A ) [ 7 J . 

j ' h e risk criterion is based on prediction time duration 
that detennined according to: 

n = C , ; ( t o ) ( f - r „ ) + c „ U , : = C,', : r , ) A r + 

Si - threshold 

So, this gives threshold, SI = / ' d o ) + / ( . v , ) , then 
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Fig . 4. Ma in page o f t ruck Sim sollvvare. 

Ma in page f ruckS im 2016 sollware consists o f three 
steps to run simulation. First s tq i is simulated test 
siiecifications where vehicle configuration w i l l be chosen, 
•fhe vehicle configuration chosen is 2 axle truck v\ilh 1 axle 
v a n trailer indicates 3 ax le trailer-truck. Next, procedure to 
run the simulation is chosen where S I . C and l ) l , C are 
chosen. Second step is run the simulation, in this step the 
simulation w i l l run b a s a l on test sjiecifications .set on first 
step. Las t step is analysing tlie results which is post-
prcxxssing. After running the simulation, the results cmi be 
obtained at this step where data can be taken for further 
analysis. Fig. 5 shows procedure to run I r u c k S i m 2016 
software and data plotting M A T L A B Simuhnk. 

Simulaled Test Spenticolions 

FtwCiMkolBtiilMKSotvtfi 

Aitolyie Resitti (Pott Procesimg) 

F ig . 5. Rrocedure to run T r u c k S i m Software and plot data i n 
M A T L A B Sunul ink. 

F i g . 5 has twelve steps to obtain the simulation data 
as presented. First step is chix is ing 3 axle trailer-truck to be 
analysed. Next step is detennining the pnxredure that w i l l be 
used which are S L C and D L C . I'hen. s|xx;d o f trailer-truck is 
set to be 100 km/li for high .sireed. After that, braking brake 



control is dctcnii ined with vanous braking pressure a l 0.5 
MPa, 1.0 MPa . 1.5 MPa. 2.0 MPa and 2.5 MPa. The jxige is 
refreshed to make sure the software shows data set. Math 
model o f the configuration set w i l l lie run then the results o f 
the sii iuilation a i n be obtained b> c l ick "V ideo+Plo l " . The 
simulation result is shown and rcsixiii-ses of y aw rate and 
yaw angle can be obtained from data manager and next 
transferred to M A l ' L A B to get the graph. 

S/ «p , = i i i ! l ± ^ ^ 5 . 2 7 
^ 3 . 6 3 - 2 . 4 0 

So, the slojie o f the upjxir tangent l ine at sjieed at 
100 km/h is 5.27, fol lowed by lower slope -4.82. 

TAIiLr. 2 I D I N T l O t jND LOWItR .SLOPli SI,C A f 10(1 KMi I l 

Point X .V = 4 .63 .xc = 4 .03 xy = 6 .25 

Point V V = - 1 . 8 1 Vc = - 0 , 7 1 V- = - 1 1 . 4 3 

I V . S iMi i i .A rioN or J A C K - K N I I - > : A C C I D K N T F O R S I N G L E 

A N D 1 ) 0 1 lit! , E 1 ,ANE C H A N G E I ' E S T S 

The results and analysis o f this study are described in 
this section, fhe truck is analysed at sjxied KX) km/h. there 
are two maneux'ering tests conducted in this study namely 
single lane change ( S L C ) ami double lane change ( D L C ) 
whi le applying various brake pressures which are 0.5 MPa , 
1.0 MPa, 1.5 MPa, 2.0 M P a and 2.5 MJ>a. The simulation 
results o f y a w rate, y a w angle and development of C„ 
resixinses indicate the inlluence o f road courses and brake 
pressure jack-knife accidents. 1 he resixm.se o f yaw rate is 
used to examine the potential of jack-knife accident, while 
y a w angle resixinse w i l l be anaKz ing the trend o f jack-knife 
accidenl during lane change luanoeuvTcs. Indicator o f C,„ is 
used as i n |7| where threshold value which w i l l indicate Qie 
jack-knit ing accident. Threshold value is used to predict the 
jack-knif ing accident when the response o f C m approaching 
the threshold value, for the first step o f simulation, y a w 
angle response is analysed by identil'ying the threshold value, 
fhe respon.se of S L C o f the .3-axle trailer truck is shown in 
Pig. 6. 

Speed at lOOkm/h 

l ime l i ) 

-Yaw unil 1, deg — — Y a w unit ?, de,"! llijetliold+ve 

Fig . 6. C raph for S L C at 100 km/h. 

In order to find the indication between the tangent 
line on graph, two iioints which are upper and lower are 
detennined and the tangential line slope is calculated then 
plotted on the graph 1 leie, there are two tangential l ines can 
be found in the graph which are upjier tangent line and 
lower tangent l ine as tabulated in fables I and 2. 

T A B L E 1 m i N T TO EIND l l fPl iR SLOPE S E C A T 100 KM4t 

Point .X V = 2.78 . 1 , = 2.40 x, = 3.63 
Point V V = 6.47 Vc = 4.95 V ; = 11.43 

- 1 1 . 4 3 - ( - 0 . 711 

6.25 - 4.03 

F i g . 7 shows yaw rate resixinse wi th comiiarison 
between five different brake pressures for .single lane change 
at 100 km/h. A s can be seen in F i g 7, wlx in brake pressure 
applied at 1.5 M l ' a when travel l ing at speed 100 km/h, yaw-
rale for this condition rapidly increases after 11 seconds 
w h i c h the truck losing its control as in |9| and resulting 
jack-kn i f e accident during lane ciiange manoeiwrcs. Y a w 
rale for brake pressure 2.5 M P a and 2.0 M P a are lower 
comiiared to brake pressure 1.5 MPa but it ixicurred alter 1.3 
.seconds wh ich a ius ing instabil i ly to truck. For other brake 
pressures applied w l i i ch are 0.5 M P a and 1.0 MPa , the yaw 
rate response for this case is the lowest compared to others 
due to smal l brake pressure applied on wheel did not al'fecl 
the y a w stability o f the truck wh ich the truck w i l l slop 
mov ing in stable a indi t ion. 

rwUvtTmta(9.CIHk«l. 

I " 

F rom the point values, slope o f the tangent l ine for 
S L C at 100 km/h is calculated 

F i g . 7. Y a w rate response for S L C 100 km/h. 

F i g . 8 shows yaw angle response and F ig . 9 shows C m 
indicator for jack-kni fe accidenl for single lane change at 
Sliced KX) km/h. It can be seen that there are two conditions 
that causing the truck jack-kni fe wh ich are brake pressures 
applied at 1.5 Ml\\ and 2.5 MI ' a . T l i i s jack-kni fe ix icurs 
when C m value o f the truck exceeds tlireshold value at 
11.43 and -11.43 as in [3 j . fhe earliest j a ck -kn i l i ng accident 
happen after 7 seconds for brake pressure al 2.5 MPa where 
its C m value exceeds the threshold value then continuing to 
jack-kni fe . A s can be seen in F ig . 8, truck yav\ angle is 
continuing to jack-kni fe to the highest angle at 9.55 seconds 
where its y a w angle is at 70.(W deg. fh is is due to when 
brake applied after the tnick changing the lane, lateral 
acceleration of the truck o f the truck when changing the lane 
st i l l alTect the y a w movement and causing tlie truck to lose 
its control as in [9|. Load of the tnick also affect the y a w 
movement o f the truck when travell ing at high speed during 
lane cliange when applying tlie brake pressure as in |10|. 
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There is no jack-kn i f ing occurred w h e n brake pressure 0.5 
MPa and 1.0 M P a applied as C„, value o f the truck did not 
touch threshold l ine during lane change, resulting the truck 
stop with no accident hapjiened. After 10 seconds, the Cm 
value and y a w angle is continuing straight indicates the 
truck i s completely stop. 

T A B L E 3 Point to find upper slope D L C at KX ) km/h 

Point X . x = 3 .1 .To = 2.23 , v , = 3 . 4 0 

Point V v = 6 . 46 .Vg = 3 .01 = 1 1 . 4 3 

„ , L I .43-a.0 i _ 
Stops == 7-20 

F ig . 8. Y a w angle response for S L C 100 ktn/h. 

CfflvsIimferSLCIMIiaAi 

F i g . 9. C,„ indicator for S L C ICX) km/h. 

A S the result, the slope for upper tangent l ine at 
100 km/h o f double lane change is 7.20. Meanwhile lower 
tangent l ine is -5.71 based on calculation in fable 4. 

T / A B L E 4 Point to find lower slope D L C at 1 (X) km/h 
Point X . x=d4 -Vg = S.8t) V , = 6 .95 
Point V V = - 6 . 4 9 y„ = - 4 . 8 6 y . = - 1 1 . 4 3 

- l . , 4 3 - -4.86) 
Slape = = - 771 

6.95 - 5.80 

F i g . 11 .shows the y a w rate re.sponse between f ive 
different brake pressures applied for double lane change a l 
100 km/h. 

F i g . 11. Y a w rate response for D L C 100 km/h. 

Nex t assessment is double lane cliange ( D L C ) at speed 
KX ) km/h. j 'here are two lines need to be identified namely 
upper and lower tangent l ines as il lustrated in F i g . 10. Upper 
tangent l ine is calculated from the data i n Table 3. 

Speed at V=100 km/h 
15 

Time (s) 

- — Y a w angle unit i . deg Yaw angle unit 2, deg 

Threshold +ve Threshold -ve 

F ig . 10. Graph for D L C at 100 km/h 

A s can be seen on yaw rate response for double lane 
change at speed KX) km/h, y a w rate at brake pressure 2.0 
M P a showed it is rapidly increasing afier 8 .seconds to the 
highest y a w rale above 300 deg/s as s lu iwn i n F ig . 11 , then 
rapidly decreased. A t brake pressure 1.5 MPa , y aw rate 
rapidly decreasing below -30 deg/s indicates that truck 
losing its stability when applying brake. A l brake pressure 
2.5 MPa , y a w rate rapidly decreases to below -10 deg/s 
meaning y a w stability o f the truck started to lose. Fo r brake 
pres.sure 0.5 M P a and 1.0 M P a , yaw rate o f the truck 
remains stable indicates that the tnick in stable condition 
during lane change. Next, F i g . 12 shows yaw angle response 
and F ig . 13 shows C„, indicator to predict jack-kn i f e 
accident for double lane change case at speed KX) km/li. 
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F i g . 1.3. C„, indicator for 13LC KX) km/h. 

dr iver to prevent an accident based on the yaw motions. The 
result obtained may dit ler from real condition thus further 
study needed to be done by considering the external 
disturbances. 

A C K N O W K H D G M K N T 

T h e research has been carried out under Geran I 'enyelidikan 
Jangka Pendek, UPNM/2()2i/( }PJP/' fK/3 provided by 
t lniversit i Pertahanan Nasional Malaysia. 

F r o m F i g . 13, there is three conditions that causing j a ck -
kni fe accident o f the tmck when brake pressure applied at 
1.5 MPa , 2.0 MPa and 2.5 MPa. Cm response exceeds 
threshold value al 11.43 and -11.43, this indicates that the 
jack-kn i f e starts to happen. A s can be seen on the F i g . 13, 
three conditions o f brake pressure applied have s imi lar j a ck -
kni fe after 8 seconds where yaw angle above 30 deg. 
However , tlie earliest jack-kni fe condition starts at 7 second 
when brake pressure applied at 2.5 M I ' a . Next jack-kn i f e 
condition occuired after 7.5 seconds at brake pressure 2.0 
M P a followed by 1.5 M P a wh ich jack-kn i f e occur after 8 
second. These accidents o f jack-kni fe continuing happen 
until reach the highest y aw angle and stop after reaching 
max y a w angle for each condition meaning that the truck 
losing y a w stability as in [9 ] . Whi le jack-kn i f e accident did 
not hapjien at brake pressure 0.5 MPa and 1.0 M P a because 
the ( ' „ resixinse did not exceed threshold value indicates 
that the y a w o f the truck sti l l can he controlled when 
applying these brake pressure. B u t higher brake pressure 
applied on the truck w i l l cause yaw angle became higher 
that causing jack-kn i f e accident as in | lOj. i bis i s because 
lateral acceleration o f the truck is higher at high speed when 
brake is applied causing the truck to glide from the road 
wh i ch affect y aw movement tlien causing the accident o f the 
truck when changing lane. Ihe highest y a w angle is 76.17 
deg at 2.5 M P a then 61.77 deg at 2 M P a fol lowed by 49.80 
deg at 1.5 MI 'a . From the F i g 12, the y a w angle is 
continuing straight after 10 seconds indicates the truck is 
completely stop. C,„ response indicates that at high speed 
w i th .sudden braking at higher pressure led to jack-kn i f e 
accident. 

V. CONCLUSION 

Based on results obtained, jack-kni fe accident o f truck is 
influenced by various brake pressures applied wi th dilTercnt 
speeds o f truck, fh is simulation was perfonned on normal 
condition o f road without taking any environment factors 
such as wet r a i d , binnpy road and incl ined road. The results 
indicated Oral j a ck -kn i l i ng o f the truck occur wi i i le applying 
highest brake pressure during changing lane. C,„ was used 
an indicator to jiredict j a ck -kn i l i ng accident to alert the 
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